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INSERT FOR CONNECTING A BONE SCREW TO A BONE PLATE 

This invention relates to an insert for connecting a bone 
screw to a bone plate according to the preamble of claim l. 

In orthopaedics, stable fixation is a prerequisite for 
successful treatment of complex deformity, nonunion and 
fracture. Bone plates are commonly used to obtain fixation and 
are commonly secured to the bone by screws. However, 
osteoporotic bone or bone with abnormally thinned cortices due 
to failed fixation or previous infection may not allow lasting 
screw purchase in the bone. Stability of the fractured bone 
gained by applying compression across the fracture site is 
quickly lost as the thin bone resorbs around the screws. This 
loss of compression is rapid, since loosening of the screws in 
the bone allows early toggling at the plate/screw interface. 

As noted, most bone plates used in osteosynthesis are fixed 
solely by means of bone screws driven into the bone. Since the 
bone screws are only secured to bone, there is no rigid 
fixation of the screw to the bone plate. Therefore a loosening 
of the bone screws in the bone or a resorption of the bone can 
easily lead to a loosening of the bone plate. 
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It is known in plate osteosynthesis to use a nut on the cortex 
opposite a plate to fix the screw, and therefore the plate, to 
the bone. This method does not produce a direct fixation 
between bone screws and plate, but only compression of the bone 
located between the nut and the plate and penetrated by the 



screw. 



in a variety of indications it is desirable to achieve a rigid 
fixation between bone screws and a bone plate in order to avoid 
subsequent loosening. For this purpose U.S. Pat. No. 5,053,036 
teaches anchoring by frictional adhesion alone a bone screw 
with a specially designed conical head to a bone plate having 
corresponding conical holes. In this device both holes and 
screw heads must have a specific taper to obtain rigid fixation 
between them. 



In U.S. Pat. No. 4,388,921, a bone screw with a specially 
designed conical or convex head is used in conjunction with a 
slotted insert having a matching tapered hole for the screw 
head. The special bone plate for use with this insert has 
cylindrical or spherical holes for the inserts. Because the 
insert is not threaded to receive the bone screw, fixation of 
the bone screw in the bone plate is dependent on the purchase 
of the bone screw threads in the bone. 



U.S. Pat. No. 5,053,036 discloses a bone screw with a specially 
designed conical head used in conjunction with a slotted 
spherical insert in a bone plate. This design also requires the 
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conforming tapers discussed above and in addition requires 
conforming spherical surfaces on the slotted sphere and in the 
bone plate. 

Threaded conical inserts have been used to expand specially 
designed screw heads in order to lock the bone plate to the 
bone screw. Examples of this technique are found in U.S. Pats. 
Nos. 5,053,036 and 4,484,570. This design also requires 
conforming tapers on specially designed screws and plates. 

U.S. Pat. No. 5,269,784 describes a nut interposed between the 
plate and the bone surface so that the plate is compressed 
between the head of the bone screw and the nut. An unthreaded 
bushing may be required in this arrangement between the screw 
head and the plate if the bone screw has an unthreaded portion 
near the head. Because the screw nut is installed on the 
underside of the bone plate, it must be introduced into the 
plate hole before or during operative placement of the bone 
plate. The nut must further more be retained in the plate by 
separate means during placement of the plate on the bone. 



It is an object of the present invention to provide a means for 
locking a bone screw to a bone plate at a fixed angle, using 
standard bone screws and standard bone plates. 
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It is a further object to provide an insert for locking a bone 
screw to a bone plate wherein the insert need not be installed 
before the plate is placed on the bone. 

it is a further object of the invention to provide a locking 
means for bone screws that does not require precision machining 
of matching tapers or matching spherical surfaces. 

It is a further object of the invention to provide an insert 
for locking a bone screw to a bone plate wherein the locking 
function of the insert is not dependent on the purchase of the 
bone screw in the bone. 

It is a further object of the invention to provide a locking 
insert for bone plates that can be snapped into the plate hole 
and will remain there until snapped out. 

It is a further object of the invention to provide a locking 
insert for a bone screw that has a central hole inclined at an 
angle other than 90 degrees for use with a buttress plate. 

The invention solves these objects by an insert having the 
features of the characterizing part of independent claims 1,2,7 
and 8 and an assembly having the features of the characterizing 
part of independent claims 12 and 16. 
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The noted drawbacks of the existing means of attaching bone 
screws to plates are overcome by the insert according to 
invention having an upper section and a lower section, a 
central axis extending through both sections, and a central 
hole extending along the axis through the insert. The central 
hole is threaded to engage a bone screw at least where the hole 
extends through the bottom section of the insert. 
The lower section of the insert has slots dividing it into 
plurality of tabs, each tab having an external projection. The 
distance between opposite projections is larger than a 
corresponding diameter of the plate hole opening. The tabs can 
be deflected to permit insertion of the external projections 
through the plate hole opening. Because the tabs must be 
similarly deflected in order to remove the insert from the 
plate hole, the insert will remain in place unless pressed out 
of the plate hole. When a bone screw is engaged in the threaded 
part of the central hole, the tabs can no longer be deflected 
and the insert cannot be removed from the plate hole. 
The upper section of the insert has a cross sectional area 
larger than the plate hole, a downwardly facing locking 
shoulder for contacting the upper edge of the plate hole, and a 
countersunk surface for receiving the head of the bone screw. 
Slots divide the upper section into a plurality of sectors. 

The insert can be pressed into a plate hole in the bone plate 
either before or after the plate is installed on the bone. When 
the bone screw is installed and tightened, the head of the 
screw contacts the countersunk surface of the insert, causing 
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the sectors of the upper section to spread, clamping the bone 
plate between the downwardly facing locking surface and the 
external projections. The threads in the lower section collapse 
under the resultant forces, thereby preventing the bone screw 
form backing out. 

in one embodiment of the invention, the external shape of the 
is configured for an elongated plate hole. This shape 
prevents the insert from rotating as the bone screw is driven, 
in an alternative embodiment, an insert may have an external 
shape for use in a round plate hole. In this case, a special 
wrench or other instrument may be used to prevent rotation of 
the insert while driving the screw. 

in a further embodiment of the invention, an insert designed 
for use in round plate holes has a central hole disposed at an 
angle to the central axis and oriented at an angle other than 
90 degrees to the bone plate. The insert can thereby be rotated 
prior to locking, enabling the user to aim the screw at any 
position along the cone formed by rotating the axis of the 
central hole of the insert around the plate hole. This feature 
is useful in buttress plates where the orientation of the screw 
must be adjusted. 
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One advantage of the threaded insert according to the invention 
resides in its universal applicability, since it can be used 
together with standard bone plates and screws. The insert can 
be used advantageously, for example, with the bone plate 
described in U.S. patent 4,493,317 to Klaue. 

Inserts according to the invention can be installed 
individually at selected positions on a bone plate, while using 
standard bone screws without inserts at other locations. 
Because the inserts are installed in the bone plate from the 
side opposite the bone, it is possible to install the inserts 
after the bone plate has been placed on the bone. It is 
therefore possible to postpone deciding where to use the 
inserts until after the bone plate is in place, during the 
operation. 

In a standard bone plate mounting, cycled loads will cause the 
screw to back out. Forces coaxial to the screw shaft cause the 
screw to loosen due to the effect of loading the inclined plane 
of the threads. This problem is magnified when the fragment is 
not fixed securely to the plate because of toggle occurring at 
the plate/screw interface. The threaded insert of the invention 
prevents the bone screw form backing out by collapsing and 
locking the threads of the insert on the screw. The insert also 
prevents toggling by holding the screw at a fixed angle with 
respect to the plate. 
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The insert of the invention is locked within the bone plate 
hole by compressive forces generated between the screw head and 
that portion of the screw threads engaged by the insert. 
Because the locking forces are contained completely within the 
insert, the insert remains locked in the bone plate hole 
independent of any degradation of bone screw purchase caused by 
mechanical or biological factors. 

When tightened, the screw is secured to the plate in a fixed, 
usually orthogonal position, similar to the situation that is 
present when a pin is clamped to an external fixation frame, 
with the screw (s) thus fixed to the plate and bone, several 
advantages become evident. Firstly, in osteoporotic bone or 
bone with thin cortices, early loosening due to cycled loads is 
avoided, since the screws are fixed to the plate, rendering 
them exempt from the effects of toggling at the plate/screw 
interface . 

Secondly, the insert acts as a mechanical cortex substitute in 
situations where bone is lost at the near cortex due to trauma 
or disease. Once the bone screw is locked by the insert, any 
bone fragment held by the bone screw will be fixed in space, 
since toggle of the screw with the plate will be eliminated. 
Therefore, if the bone is deficient adjacent to the bone plate, 
the surgeon can still place a screw through the opposite 
cortex, allowing fixation to be distributed over a greater 
portion of the plate. 
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Thirdly, the insert allows the bone screw to store some of the 
energy that is used when generating compression at a fracture 
or osteotomy site. This provides compression that lasts longer 
than that provided by a plate with screws, since cycled loads 
can lead to loosening. This effect is analogous to the preload 
and compression that is achieved with a ninety degree blade 
plate. 

Finally, by using the insert, a surgeon can convert any portion 
of a plate into a "fixed pin" device, increasing the plate's 
versatility as an internal fixation device. When a surgeon 
wishes to immobilize bone fragments located at a distance from 
the plate, the insert can be used to prevent toggle the 
plate/screw interface, increasing overall stability. The 
insert rigidly fixes the screw so that the bone fragment is 
held in a more restrained manner. This effect has been loosely 
termed the "locked lag technique". 

The invention will be disclosed more fully in connection with 
the accompanying drawings in which: 

Pig. l is a top view of a threaded insert according to the 
invention for use in an elongated plate hole; 

Fig. 2 is a side elevation view in partial cross section along 
the lines II -II of Fig. i ; 
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Fig. 3 is a view in vertical section of a threaded insert 
according to the invention in position to be assembled into a 
plate hole; 

Fig. 4 is a view in vertical section of a threaded insert 
according to the invention positioned in a plate hole; 

Fig. 5 is a view in vertical section of a threaded insert 
according to the invention partially positioned in the insert; 

Fig. 6 is a view in vertical section of a fully assembled 
threaded insert, bone screw and bone plate according to Fig. 5; 

Fig. 7 is a top plan view of a threaded insert according to the 
invention for use in a round plate hole, in which the central 
hole is inclined at an angle other than 90 degrees to the plane 
of the bone plate; 

Fig. 8 is a side elevation view in partial cross section along 
lines VII I -VIII of Fig. 7. 



As shown in Figs. 1 and 2 the insert according to the invention 
comprises an elongated body , usually of metal such as 
stainless steel , or titanium or other biocompatible material . 
As best seen in Fig. 2, the insert 1 has an upper section 2, a 
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lower section 3, an upwardly facing surface 5, and a downward 
facing locking surface 6. A central axis 4 extends through the 
upper section 2 and the lower section 3. 

Extending along central axis 4 is a central threaded screw hole 
10. The central threaded screw hole 10 has threads 11 for 
receiving a bone screw 200 (shown in Figs. 5 and 6) . In the 
embodiment of Fig. 2 there are threads only in lower section 3, 
although the central threaded screw hole 10 in the upper 
section 2 can also be threaded. Central threaded screw hole 10 
has at the upwardly facing surface 5 a countersunk surface 12 
for contact with the underside of a bone screw head 203 (shown 
in Fig. 6) . Where the underside of a bone screw head 203 is 
spherical, it has been found that an angle of the countersunk 
surface 12 of approximately 45° to the central axis 4 works 
well in developing the necessary forces in the upper section 2 
as discussed below. Other angles may be used to accommodate 
other screw geometries or other limitations. 

The lower section 3 comprises a plurality of retaining means 20 
in the form of deflectable tabs that extend downward from the 
upper section 2. In the embodiment shown in Fig. 2, two 
retaining means 20 are disposed so that they will be along a 
long diameter of the elongated plate hole 101 (shown in Fig. 
3), and are separated by Y-shaped slots 21. The Y-shaped 
configuration of the slots 21 reduces the cross- sectional area 
of the upper portion of the retaining means 20, permitting 
greater deflection of the retaining means as described below. 
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Bach retaining means 20 in the form of deflectable tabs 
comprises an external projection 22 protruding from its outer 
surface 23. As shown in Fig. 3a distance D x measured over the 
external projections 22 orthogonal to the central axis 4 of the 
insert l is slightly larger than a corresponding distance L 
across the long diameter of the elongated plate hole 101 in 
which the insert is to be seated. 

Fig. 3 shows insert l of Pigs. 1 and 2 in position to be 
assembled into plate hole 101 in plate 100. Projections 22 on 
retaining means 20 are disposed along the long diameter of 
plate hole 101. The distance D x between the projections 22 is 
slightly larger than the distance L along the long axis of the 
plate hole 101. One skilled in the art will recognize that 
other configurations are possible. For example, where an odd 
number of retaining means are to be used in a round plate hole, 
the inscribed circle through the projections 22 must be 
slightly larger than the diameter of the plate hole 101. 

As best shown in Pig. 2, each retaining means 20 further 
comprises an external lead chamfer 24 on the downward facing 
locking surface 6, adjacent the external projections 22. The 
chamfer 24 provides a camming surface for compressing the 
retaining means 20 when the insert 1 is pressed into the plate 
hole 101, as described below. 
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The upper section 2 comprises a plurality of sectors 30 
separated by slots 31 that extend down from the top surface 5 
through the upper section 2. In the insert shown in Fig. 1, 
four sectors 30 are separated by two slots 31. The slots 31 in 
the upper section 2 are parallel to and pass through central 
axis 4 . 

As best seen in Fig. 1, the upper section 2 has outside profile 
surfaces 34, 35, separated by flats 33. The distances between 
surfaces 34 and between surfaces 35 are larger than the 
corresponding diameters in the opening of the plate hole. For 
example, Fig. 4 shows an insert l that has been installed in a 
plate hole 101 in plate 100. The distance D 2 between outside 
profile surfaces 34, which lie on the long diameter of the 
plate hole 101, is larger than the distance L, the narrowest 
longitudinal dimension along the long diameter of the plate 
hole. 

As best shown in Fig. 2, each sector 30 of the upper section 2 
comprises a downward facing locking shoulder 32 adjacent to and 
facing the lower section 3. The locking shoulder 32 is disposed 
at an angle to the central axis 4, forming a convex, conical 
surface. The angle is selected to facilitate locking the insert 
in the plate, as described below. 

Figs. 3 through 6 illustrate the steps for installation of the 
insert of Figs. 1 and 2. The bone plate hole 101 is of standard 
geometry, having a plate countersunk surface 102 extending from 
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plate top surface 103, and an undercut chamfer 104 extending 
form the plate bottom surface 105 . The intersection of the 
plate countersunk surface 102 and the undercut chamfer 104 
forms lip 106, defining the opening of plate hole 101. Such a 
bone plate is described in U.S. patent 4,493,317, for example. 



To install the insert l in a plate hole 101, the insert is 
introduced into the plate hole as shown in Fig. 3, with the 
central axis 4 of the insert coinciding with the center of the 
plate hole, and the lead chamfer 24 contacting the bone plate 
100. More specifically, the insert lead chamfer 24 contacts the 
plate countersunk surface 102 of the plate hole 101. 

The insert l is then pushed in the direction of the bone plate 
100, whereupon plate countersunk surface 102 exerts a reaction 
force on lead chamfer 24. This force deflects tabs 20 inward, 
reducing distance Dj,. The tabs bend at their upper portions, 
where the Y-shaped slots 21 have reduced the cross sectional 
area. When distance D x is sufficiently reduced by this 
deflection so that the projections 22 can pass through the 
opening defined by lip 106, the insert snaps into plate hole 
101 in the position shown in Fig 4. Projections 22 contact 
undercut chamfer 104 and slide outward and downward along this 
surface, pulling the insert into the plate hole 101 until the 
locking shoulder 32 contacts the plate countersunk surface 102. 
The insert 1 is thereby retained in the plate hole 101 by the 
projections 22 and the locking shoulder 32. 
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Fig. 5 shows the insert 1 in the plate hole 101 after a bone 
screw 200 has been partially threaded into the insert. External 
bone screw threads 201 engage threads 11 of central hole 10 in 
the region of tabs 20. This prevents tabs 20 from deflecting 
inward, locking tab projections 22 in position under bone plate 
lip 106, and preventing removal of the insert l from the bone 
plate hole 101. 

Fig. 6 shows the insert 1, bone plate 100, and bone screw 200 
after the bone screw has been fully tightened. The spherical 
underside 202 of the bone screw head 203 contacts the 
countersunk surface 12 of the insert, causing the sectors 30 of 
the insert to spread apart. This spreading of sectors 30 causes 
locking shoulder 32 to exert a force on the plate countersunk 
surface 102. The force causes a small displacement of insert 1 
in an upward direction, causing forceful contact of the 
projections 22 with the underside of lip 106. The insert 1 is 
thereby locked in position in the plate hole 101. 

The resultant force on projections 22 causes tabs 20 to be 
deflected slightly inward, collapsing threads 11 inlterd to 
forcibly engage bone screw threads 201. The forcible thread 
engagement locks bone screw 200 against loosening by rotation. 

Figs. 7 and 8 show an embodiment of the invention with an 
angled screw hole for use in applications such as buttress 
plates. As best shown in Fig. 8, insert 301 has a top section 
302, a bottom section 303, a central axis 304, and a partially 
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threaded central hole 310. Bottom section 303 compri 8 es a 

plurality of deflectable tabs 320 separated by Y-shaped slots 

321. 

As best seen in Pig. 7, the upper section 302 comprises four 
sectors 330 separated by two slots 331. Distance D 2 is the same 
between both pairs of outside profile surfaces 334, 335 because 
the insert 301 is to be used in a round plate hole. Because the 
insert is used in a round hole, provision for preventing 
rotation, such as wrench flats or the like (not shown) , must be 
made for use when the screw is driven. 

Central hole 310 of insert 301 is inclined at an angle other 
than 90 degrees to the bone plate plane 110. As shown in Fig. 
8, central hole axis 313 is inclined at angle a to the central 
axis 304. A bone screw (not shown) engaged in central hole 310 
of insert 301 is therefore inclined at an angle other than 90 
degrees to the bone plate . The direction of inclination of the 
bone screw can be changed by rotating insert 301 in the bone 
plate hole, thereby aiming the screw in any position on a cone 
formed by rotating axis 313 around axis 304. This embodiment of 
the invention is particularly useful in buttress plates where 
the fixed angle of the screw must be adjusted. 



WO 96/25892 



17 



PCT/EP96/00499 



Claims 



l. Insert (l;30i) for connecting a bone screw (200) to a bone 
plate (100) having at least one plate hole (101) with a 
circumferential projection (22) restricting the profile of the 
plate hole (101), characterised in that the insert (l;301) 
comprises an upper section (2), a lower section (3), a central 
axis (4) and a central hole (10) through said upper and lower 
sections (2,3), said upper section (2) having an upwardly 
facing surface (5) for engaging a bone screw head (203), and a 
downward facing locking surface (6) for contacting the surface 
of the plate hole (101), and said lower section (3) having 
retaining means (20) for interlocking with the projection (22) 
of the bone plate hole (101) . 



2. Insert (l,-30l) for connecting a bone screw (200) to a bone 
plate (100) having at least one plate hole (101) with an angled 
lower surface, characterised in that the insert (1.-301) 
comprises an upper section (2), a lower section (3) and a 
central threaded screw hole (10) through said upper and lower 
sections (2,3), said upper section (2) having an upwardly 
facing surface (5) for engaging a bone screw head (203), and a 
downward facing locking surface (6) for contacting a top edge 
of the plate hole (101), and said lower section (3) having 
retaining means (20) for contacting the angled lower surface of 
the bone plate hole (101) . 
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3. insert <1;301) according to claim 2, characterised in that 
the insert (1;301) further comprises a central axis (4) through 
said upper section (2) and said lower section (3), said 
downward facing locking surface (6) having a cross section in 
a plane normal to said central axis (4) wherein the width of 
said cross section is smaller than the length of said cross 
section. 

4. insert (1;301) according to claim 2, characterised in that 
the insert (1;301) further comprises a central axis (4) through 
said upper section (2) and said lower section (3), said 
downward facing locking surface (6) having a cross section in a 
plane normal to said central axis (4) wherein the width of 
cross section is equal to a length of said cross section. 

5. Insert (l;30l) according to one of the claims l - 4, 
characterised in that said central hole (10) is disposed along 
said central axis (4) . 

6. Insert (l;301) according to one of the claims 1 - 4, 
characterised in that central hole (10) is disposed at an angle 
to said central axis (4) . 

7. insert (l;30l) for connection of a bone screw (200) to a 
bone plate (100) having at least one plate hole (101) with 
angled upper and lower surfaces, characterized in that the 
insert (1;301) comprises an upper section (2), a lower section 
(3) and a central threaded screw hole (10) through said upper 
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and lower sections, said upper section (2) being divided into a 
plurality of expandable sectors (30) by a plurality of slots 
(3D , said sectors (30) having upwardly facing surfaces for 
engaging a bone screw head (203), and downwardly facing locking 
surfaces for contacting the angled upper surface of the bone 
plate hole (101), and said lower section (3) having retaining 
means (20) for contacting the angled lower surface of the bone 
plate hole (101) . 

8. Insert (1,-301) for connecting a bone screw (200) to a bone 
plate (100) having at least one hole (101) with an angled lower 
surface, characterized in that the insert (l,-30l) comprises an 
upper section (2), a lower section (3) and a central threaded 
screw hole (10) through said upper and lower sections (2,3), 
said upper section (2) having an upwardly facing surface (5) 
for engaging a bone screw head (203), and a downward facing 
locking surface (6) for contacting a top edge of the bone plate 
hole (101), and said lower section (3) having a compressible 
structure for insertion into the bone plate hole (101) , and at 
least one projection (22) for contacting the angled lower 
surface of the bone plate hole (101) . 

9. Insert (1,-301) according to claim 8. characterised in that 
said compressible structure comprises at least one deflectable 
tab (20) supporting said at least one projection (22) . 
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10. insert (1,301) according to claim 9, characterised in that 
said central bone screw hole (10) has threads (11) in said 
lower section (3) for locking said deflectable tabs (20) when 
the bone screw (200) is threaded into said central bone screw 

hole (10) . 

11. insert (1;301) according to claim 8, characterised in that 
said at least one projection (22) retains the insert (l;30l) in 
the bone plate hole (101) by exerting a force on said angled 
lower surface . 

12. Assembly for internal fixation of bones, characterized in 
that it comprises a bone plate (100) having a plate hole (101) 
with an upward facing countersunk surface (102) and a downward 
facing undercut chamfer (104), in combination with an insert 
(i;301) for fixing a bone screw (200) in said plate hole (101), 
said insert (1,301) comprising a central threaded hole (10) for 
the bone screw (200) , a locking surface (6) for clamping over 
said countersunk surface (104) and a projection (22) for 
engagement with said undercut chamfer (104) . 

13. Assembly according to claim 12, characterized in that said 
locking surface (6) comprises downwardly- facing surfaces of a 
plurality of expandable sectors. 



14. 



Assembly according to claim 12, characterized in that said 
projection (22) depends from an outer surface of a deflectable 
tab (20) . 
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15. Assembly according to claim 14, characterized in that the 
bone screw (200) contacts an inside surface of said deflectable 
tab (20), locking said deflectable tab ,(20) in a radially 
outward position. 

16. Assembly for internal fixation of bones, characterized in 
that it comprises a bone plate (100) having a plate hole (101) 
with an upward facing countersunk surface (102) and a downward 
facing undercut chamfer (104), in combination with an insert 
(i,-30i) for connecting a bone screw (200) to said bone plate 
(100), said insert (1/301) comprising an upper section (2), a 
lower section (3) and a central threaded screw hole (10) 
through said upper and lower sections, said upper section (2) 
having an upwardly facing surface (5) for engaging a bone screw 
head and a downward facing locking surface (6) for contacting 
the upward facing countersunk surface (102) of said bone plate 
hole (101) . 
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